Background: The objective of this study was to investigate the psychometric properties of the Threadgold Communication Tool (TCT). Method: Internal consistency reliability was measured using Cronbach's α coefficient and inter-item correlation. Test-retest was performed to examine the instrument's stability. Exploratory principal component analysis (PCA) with oblimin rotation was carried out to evaluate construct validity. Finally, the score on each item of the TCT was correlated with the person's Mini Mental State Examination (MMSE) and Barthel Index of activities of daily living scores. Results: A total of 51 persons participated, with a mean age of 86.7 (SD 6.6) years, of whom 46 were women with moderate-to-severe dementia [mean MMSE score 7.5 (SD 6.7)]. There were two measurement points 2 weeks apart. The results showed a satisfactory level for internal consistency and a high test-retest reliability (r = 0.76). The corrected item-total correlation ranged between 0.50 and 0.87, and a two-factor structure was revealed at the PCA. 'Vocalizing' seemed to measure another aspect of communication and was the only item which was negatively loaded. Conclusion: Despite the low sample size in this study, the results revealed the TCT as a reliable and valid instrument, suitable for measuring communication among people with dementia. We suggest clarifying the understanding of 'vocalizing' before considering removing it from the scale.
Introduction
Communication difficulties among people with dementia is a well-known problem and is one of the first symptoms of Alzheimer's disease. As the disease progresses, the ability to communicate is reduced [1] , primarily the verbal communication [2] .
In order to compensate for the lack of verbal communication, persons with dementia use non-verbal communication and behaviour to communicate in order to remain part of the communicative world [3] or to express their frustration and needs. However, the expressions might turn into agitation, aggression, irritability and repetitive vocalization [4] [5] [6] [7] as well as into body movement, facial expression, touch, physical appearance, vocal communication [8] , eye contact [9] or bodily conduct [10] . The frequencies of these symptoms increase with the severity of dementia [11] , and the impairment might enhance the risk of misunderstanding, misinterpretation and consequent isolation [2] .
Studies describe the challenges of trying to interpret the meaning of these different means of communication as well as finding non-verbal methods to maintain social contact with the person [12] .
The sense of belonging and the wish to maintain social contact is a basic human need and does not change with dementia [13] . Prioritizing the relationship with the person with dementia to the same extent as the care tasks is one of the components of person-centred care [14] . This would include striving for mutual understanding [13 through different ways of communication. Establishing such contact can stimulate the senses and awaken latent memories which otherwise lie dormant [15] .
Several tools to assess different aspects of communication have been developed. However, most instruments focus on the persons' limitations and expressions such as agitation and aggression rather than on the capacity to communicate, verbally or non-verbally. Robert et al. [16] published a review in which they only found one scale that could be used to measure communication abilities in people with Alzheimer's disease: the Communication Problem Scale. This scale, as the title indicates, is focusing on limitations related to communication. Other scales, like the Cohen-Mansfield Agitation Inventory [17] , only assess a few aspects of communication, mainly agitation.
Egan et al. [18] reported in a review that only a few studies have captured the communication interaction of people with dementia and suggest future studies should use tools that reflect a person's communication ability rather than his/her limitations. This is supported by a recent review where it states that limited attention has been given to the assessment of communicative abilities in people with dementia [19] despite the fact that 'communication becomes the crucial difference between isolation and social connectedness, between dependence and independence and between withdrawal and fulfilment' [20] . Having a standardized assessment tool for communication might help nurses to be able to respond to a person's need, despite language difficulties.
To our knowledge, only two dementia-specific communication tools have been developed: the Holden Communication Scale [21] and the Threadgold Communication Tool (TCT) [22] . Although none of these tools have been validated, the Holden Communication Scale has been used in some studies [23, 24] , which is, however, not the case with the TCT.
We know that the progressive loss of the ability to perform activities of daily living (ADL) is often associated with a decline in cognition in people with dementia [25] . However, there is limited understanding of how the different aspects of communication might be affected by the ability to perform ADL and progression in cognitive decline. We, therefore, wanted to investigate if there is any association between the ability to communicate and the level of cognition and ADL, as measured by the Mini Mental State Examination (MMSE) and Barthel Index, respectively. However, the overall aim of this study is to investigate the psychometric properties of the English version of the TCT in a sample of persons with moderate-to-severe dementia living in nursing homes in Ireland.
Methods
The Sonas Programme is a multi-sensory stimulation programme developed by Sr. Mary Threadgold in Ireland in 1990 as a therapeutic activity for people with significant communication impairment, primarily as a result of dementia. It is based on Kitwood's idea of maximizing each person's potential which in this case is 'to activate whatever potential for communication has been retained by an older person with communication impairment' [22] . The programme involves cognitive, sensory and social stimulation, including all 5 senses: touch, smell, taste, hearing and sight. It is carried out in groups of 8, preferably twice a week for approximately 45 min. The Sonas session is led by a Sonas Licenced Practitioner (SLP) with a 3 days' training regarding the concept of person-centred care as well as the different aspects of the programme and how to assess for communication ability using the TCT. The SLP is assisted by one member of staff during the session. Each participant is assessed by the SLP individually after each session, using the TCT.
Sample and Procedure
A convenience sample of 128 persons aged over 65 years living in 7 different nursing homes in Ireland were recruited to participate in a randomized controlled study. The recruitment process took place between January and March 2014. One of the inclusion criteria was the presence of moderate-to-severe dementia as classified by pre-trial MMSE scores of 0-20. Persons who were in the palliative phase and not expected to live longer than 6 months, and those with major depression or severe pain were excluded. Fifty-six of the participants were randomly selected by the Director of Nursing in each nursing home for the intervention, reading and control group, respectively. The participants in the intervention group were supposed to attend the Sonas sessions twice a week for 24 weeks. There was a drop-out of 5 persons from the intervention group, and only the 51 participants who completed the intervention period have been included in this study.
The study was approved by the Regional Ethics Committee of Norway (REK) under the registration number IRB 0000 1870. No ethical approval was needed in Ireland, except from the board of management in each nursing home. Informed consent was obtained from the next of kin since the persons with dementia were unable to sign the informed consent form.
Measures
The demographic data were collected by the nurses from medical and nursing records, whereas ADL and cognitive levels were assessed at baseline by 1 nurse in each nursing home. The nurses were given training in advance by this article's first author.
Barthel ADL Index
The level of ADL functioning was assessed by the Barthel ADL Index. Each performance item is rated on the scale with a given number of points assigned to each level or ranking. There are 10 variables and a sum score where a high number is associated with a greater likelihood of being independent (possible top score is 100) [26] .
Mini Mental State Examination
The level of cognitive performance was assessed by the MMSE. The questionnaire comprises 11 questions that cover orientation, memory, attention and calculation, recall, and language. Each question is scored, and the summing up leaves the possibility of 30 (highest sum score) [27] .
Threadgold Communication Tool
The TCT is a proxy-based instrument designed to assess communication ability in persons with dementia after attending a Sonas Programme. The TCT consists of 14 items, and each item is graded from 0 to 4, from no evidence to frequent evidence of communication [22] . The tool has been used extensively for the last 25 years in nursing homes in Ireland without being tested for reliability or validity.
Polit and Beck [28] recommend the period between baseline and test-retest assessment to be between 10 and 14 days. Based on this advice, we performed test-retest reliability by using the results of the first and fourth session. We expected no effect of the Sonas Programme after such a short period. The TCT was rated by the SLP, trained in accordance with the requirement stated by Sonas aPc [22] .
Statistical Analysis
Data were analysed using the Statistical Programme for Social Sciences (SPSS), version 22.0. Descriptive characteristics of the participants were performed, and there were no missing values. The psychometric evaluation included internal consistency and construct validity.
Internal consistency reliability was analysed by Cronbach's α coefficient and corrected item-total correlation. The criterion level for acceptable reliability was set to α ≥ 0.7 [29] . Further, in order to discover if the items are measuring the same underlying characteristic, an inter-item correlation was performed.
The test-retest reliability was examined with a paired sample t test and intra-class correlation coefficient with a criterion level for acceptable set at ≥ 0.7.
The suitability test of data for factor analysis was performed before the principal component analysis (PCA) based on Bartlett's test of sphericity (significance >0.05) and the Kaiser Meyer Olkin (>0.60). Exploratory PCA was performed, including all 14 items of the TCT to explore the component structure and construct validity. The number of components retained for extraction was based on the Kaiser criterion (eigenvalue ≥ 1) as well as on an inspection of the scree plot. All samples were initially explored using both orthogonal (varimax) and oblique (direct oblimin) rotation, showing no differences between the two methods. Based on the assumption that there was a correlation between the two components an oblique rotation (direct oblimin) was performed [30] . Loadings >0.40 were considered satisfactory.
The concurrent validity between the TCT, MMSE and Barthel ADL Index was examined using Spearman's ρ, as recommend by Pallant [31] based on this study's smaller sample.
We did not consider that there was any need to measure the inter-rater reliability since the same SLP in each of the 7 nursing homes scored the TCT after the first and fourth session.
Results
The sample consisted of 51 persons, mainly women (90.2%), with a mean age of 86.7 (SD 6.6) years. The mean MMSE score was 7.49 ± 6.60, whereas the mean Barthel ADL Index score was 27.55 ± 21.64 ( table 1 ) .
Internal Consistency
Cronbach's α coefficient for the total score was good, i.e. 0.95. However, with such a high Cronbach's α coefficient, a correlation analysis including the 14 items in the TCT was performed. Several of the items had a Pearson's correlation coefficient >0.800: using gesture and rhythmic movements (r = 0.821), holding and following with gaze (r = 0.805), rhythmic movements and exercises (r = 0.819), using instruments and rhythmic movements (r = 0.817), using instruments and contribution (r = 0.808), and interactive posture and using gesture (r = 0.813) ( table 2 ). The correlation between holding gaze and eye contact was lower (r = 0.665). The score of the items in the TCT were normally distributed, with a mean around 2, and SD between 1.18 and 1.41.
The inter-item correlation matrices were all positive; however, one item, 'vocalization', scored <0.3 (0.25) and was therefore not considered to correlate with the total score. The corrected item-total correlation ranged between 0.50 and 0.87, with a mean score of 0.77 ( table 2 ) .
Test-Retest Reliability
The result from the two time points did not differ significantly (paired sample t test, p = 0.220). The intra-class correlation between the two assessments was 0.86. The TCT total mean score was 30.8 (SD 14.6) at baseline and 32.6 (SD 15.5) at retest ( table 3 ) . 
Principal Component Analysis
The PCA revealed a two-component structure when the eigenvalue ≥ 1 was used and the scree plot was inspected. As we had only 51 participants, we first examined the suitability for conducting a PCA of the TCT by inspection of the correlation matrix. Bartlett's test of sphericity reached statistical significance (p = 0.000), and the Kaiser Meyer Olkin was 0.91. Based on this, a PCA was found to be appropriate.
The first component consisted of the following items: eye contact, smiling, singing, using gesture, holding gaze, following with gaze, appropriate touch, exercises, rhythmic movements, contribution, using instruments and interactive posture. It had a Cronbach's α of 0.96 and accounted for 66% of the variance. The second factor consisted of two items, i.e. speaking and vocalizing, and had a Cronbach's α of 0.77 and accounted for 7.3% of the variance. The results of the rotated pattern matrix using oblimin rotation are shown in table 4 . This twofactor solution corresponds to face validity of the TCT. However, when a PCA was performed, leaving 'vocalizing' out, it resulted in a one-factor structure, accounting for 69% of the variance.
Association between the Ability to Communicate and the Level of Cognition and Ability to Perform ADL
We found a moderate association between the total scores of the Barthel ADL Index (ρ = 0.418) and TCT and between the total score of MMSE (ρ = 0.484) and TCT. The ability to speak (ρ = 0.663) and do exercises (ρ = 0.628) seemed to be associated with the score on the MMSE. On the other hand, eye contact (ρ = 0.287), holding gaze (ρ = 0.355), being able to give appropriate touch (ρ = 0.331) and singing (ρ = 0.386) seemed to depend less on the outcome of the MMSE score. There was a relatively strong correlation between vocalizing (ρ = 0.470) and the ability to use an instrument (ρ = 0.501) and the total MMSE score. Regarding the ability to perform the ADL and the ability to communicate seemed to be slightly different. The correlation between ADL and ability for appropriate touch (ρ = 0.539), doing exercises (ρ = 0.522) and using instruments (ρ = 413) was quite high, whereas vocalizing (ρ = 0.191), singing (ρ= 0.299) and following with gaze (ρ = 0.288) presented a small correlation with the outcome of the Barthel ADL Index ( table 5 ) . 
Discussion
To our knowledge, this is the first study to investigate the psychometric properties of the English version of the TCT in a sample of persons with moderate-to-severe dementia living in nursing homes in Ireland.
Internal Consistency
Cronbach's α coefficient for the total TCT was 0.95, indicating a satisfactory level of internal consistency. However, such high Cronbach's α might indicate that some of the items are measuring the same. Holding gaze and following with gaze had a strong correlation (r = 0.805), which is not surprising. However, we would have expected holding gaze and eye contact to have an even stronger correlation than r = 0.665, since these two concepts are considered to be the same. On the other hand, we did not expect using gesture and rhythmic movements to have such a strong correlation (r = 0.821) since these are very different forms of expressions: the first referring to facial gesture and the second more to use of body movement. The same might be argued for interactive posture and using gesture (r = 0.813), which also refer to two different ways of expressions. As was expected, rhythmic movements and exercises (r = 0.819) as well as rhythmic movements and using instruments (r = 0.817) and using instruments and contribution (r = 0.808) were found to have a strong correlation. However, rhythmic movements are considered as being able to move the body with the music and are therefore different from the ability to use an instrument, although both are closely connected. The ability to contribute to the Sonas session is only meant as the ability to join in proverbs and is therefore different from the use of instruments.
The inter-item correlation matrices were all positive, indicating that all items, except one, i.e. 'vocalizing', measure the same underlying characteristics [31] . 'Vocalization' scored <0.3 on the inter-item correlation matrix, which indicates that it is not measuring the same phenomenon as the other items. However, a corrected item-total correlation analysis showed a score between 0.50 and 0.87, indicating that all 14 items are measuring the same, as the scale as a whole [31] . Cronbach's α was higher (α = 96) when the item on 'vocalizing' was deleted from the analysis and loaded almost the same on both factors in the PCA. So, the question arises whether 'vocalization' could not only be an aspect of communication in people with severe dementia but a kind of agitation. Vocalizing has been considered a behavioural and psychological symptom of dementia (BPSD) by other authors, described as loud and/or repetitive communication, such as screaming, moaning, nonsensical sound and requests for attention [32] . However, Samuelsson and Hyden [33] , in their study of the interactional pattern in persons with late-stage dementia, found the presence of a singing-like vocalization which was different from previously described non-verbal vocalization. Unlike former research, this suggested that non-verbal vocalization could have a social value and was not only just disruptive. Based on this understanding, it is important first of all that the understanding of vocalizing is clarified in the TCT before considering removing it from the scale.
Test-Retest Reliability
The result of the test-retest analyses revealed satisfactory values for the total score. There was stability between baseline and 2 weeks with no significance (paired sample t test, p = 0.220), as well as for comparison between single items, indicating a good test-retest reliability. This shows that the assessments were carried out in a consistent way by the SLPs.
Validity
The factor analysis resulted in a two-component structure, explaining 73% of the variance. All items loaded adequately, and the inter-item correlation matrix was all positive, indicating that items are measuring the same underlying communication characteristics. The items eye contact, smiling, singing, using gesture, holding gaze, following with gaze, appropriate touch, exercises, rhythmic movements, contribution, using instruments and interactive posture are considered as one component, describing non-verbal communication. We expected 'singing' to load on the dimension verbal communication. However, it did not, which is consistent with research reporting that persons with severe dementia and those who are not able to use verbal communication are still able to sing. Persons with dementia seem to have a preserved music memory despite the decline in language abilities [34] .
Speaking and vocalizing described verbal communication representing the second dimension (component) ( table 4 ). Despite the fact that 'speaking' loads highest on factor two (0.529), it loads nearly as strongly on factor one (0.525). The challenge will then be where to best place this item. Moving it over to factor one would make us end up with only one item (vocalizing) on factor two. Although 'vocalizing' scores high on factor two, this is a questionable item. It seems to be more negatively loaded unlike the rest of the items in the TCT, and based on this, we suggest removing it from the scale. This suggestion might be strengthened by the findings, when performing PCA. When 'vocalizing' was left out, results revealed a onefactor structure. The fact that Cronbach's α increased after removing two items (factor 2) from the TCT might indicate that some other items are redundant as well, although we are aware that Cronbach's α depends on the number of items in a scale [30] .
Association between the Ability to Communicate and the Level of Cognition and Ability to Perform ADL
We found that some aspects of communication were associated with both cognitive level and ability to perform ADL. There was a low correlation between the total score of the TCT and MMSE (ρ = 0.484) and the Barthel ADL Index (ρ = 0.418), which indicates that the degree of cognitive decline and ADL has no strong correlation with the ability to communicate. However, when we look at the different aspects of communication, it is different.
The association between the ADL level and the ability to do exercises was strong (ρ = 0.522), which is quite obvious. Even though they might be able to perform physically in terms of exercises, following instructions may be difficult for persons with severe dementia, as this study indicates (ρ = 0.628). The same might explain why the ability to use instruments correlated strongly with the person's ability to perform ADL (ρ = 0.413) and the cognitive level (ρ= 0.501) ( table 5 ).
The cognitive level and the ability to speak and do exercises showed a strong correlation (ρ = 0.663 and 0.628, respectively). This is consistent with previous studies, which report that the communication ability decreases with decline in cognition [18] . The case is different with 'singing', which was revealed to be less affected by the cognitive level (ρ = 0.386). Little is known about why the ability to sing is maintained longer in persons with dementia than the ability to speak. It was expected that 'vocalizing' showed a relative strong correlation with the cognitive level (ρ = 0.470). The assumption that 'vocalizing' is a form of BPSD is confirmed in a study by Selbaek et al. [11] where they found that as dementia progresses, the frequency in BPSD is increased.
Only eye contact demonstrates a small correlation (ρ = 0.287) with the cognitive level, which shows that the cognitive level does not seem to affect the ability to have eye contact. This is consistent with Sturm et al. [35] who examined mutual gaze during conversation and reported no relationship between gaze and cognitive level. However, the ability to hold gaze was documented to be slightly stronger (ρ = 0.355), even though they are used interchangeably.
Further, the correlation revealed that the ability to perform appropriate touch was more dependent on the person's physical status measured with the Barthel ADL Index (ρ = 0.539) than on the MMSE score (ρ = 0.331). This was as expected since appropriate touch requires a certain degree of movement and is less dependent on the person's cognitive level.
Since there are few 'dementia-specific' tools to assess the ability to communicate, removing the item 'use of instruments' might make the tool suitable in other situations. Examples of such situations could be related to personal care, meal situations as well as to different psychosocial interventions. This might be of importance for persons who are only able to use non-verbal communication since such information might help nurses to adjust daily care according to a person's communication behaviour. Such a positive approach, focussing on the person's opportunities to communicate instead of highlighting limitations, could improve the life of people with dementia. As for those who have difficulties expressing themselves verbally as part of the dementia process, this approach seems essential. Any efforts to create communication can help the nurses to get to know the person and their needs, as well as to prevent the persons with dementia from isolation.
Strengths and Limitations
To our knowledge, there are no other available communication tools for persons with dementia which have been psychometrically tested. However, as there exists one other dementia-specific communication tool, the Holden Communication Scale [21] , it would have been favourable if the TCT had been validated against this scale. The TCT mainly assesses the positive aspects of communication and, in that sense, is different from similar tools measuring negative aspects of communication. The relatively small number of participants (n = 51) compared to the number of items in the TCT is a clear limitation of this study. However, since the score of the items was normally distributed, with a mean score around 2 and no significant p values, we considered this dataset appropriate for the analysis performed. Another limitation might be that the TCT was only tested on persons with moderate-to-severe dementia and that the sample consisted mostly of female participants.
Conclusion
This study showed that there is a correlation between some aspects of the ability to communicate and the cognitive level among persons with dementia. An available psychometric tested instrument for persons with dementia will be a clinical advantage of verbal and non-verbal communication. Additionally, the use of an instrument like TCT could help nursing staff to detect the person's ability to communicate, which could improve the person's quality of life.
Despite the small sample size in this study, the results revealed that the TCT is a reliable and valid instrument, suitable for measuring communication among people with dementia. However, we suggest that an effort should be made to examine the way vocalization is understood in the TCT. We would consider removing this item from the scale unless it is given a clear positive expression following the rest of the tool's positive loading. Since some of the items seem to be redundant, a further reduction should be considered.
